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NEISSERIA GONORB.HOEAE DETECTION 
FIEI^D OF THE mVBNTION 
THIS INVENTION relates to detection of Ifee bacterium Neisseiria gmorrkaeaBf 
5 more paiticMarly to deteetioa of basteria! nucielc acids, IMs mvefttioD pssfticiilaxi)? 
relate to &e tjetectioa of ainplified firagments of s iKJrA gme of Ifmseria 
gomtrhome, f6t dfi^enmiiiijs: the bacterfiaai is psseiil; m a biok>gic^ 

staple obteined. fixjm m mdivMijai, ti^ically for the pxiiposes of elimcai diagao^as, 
BACKGROUND O F TOE INVENTION 
10 Neisseria gonorrhoeae, is a gnmvoiegative diplococcal bacterial patliogeii 

wMch is the causative orgamm of tiie sejcualiy trajfisjisilte<l disease (STD) known as 
gonorrfioe^ Altiiough gonorrhoea is aa ancieat disease fet descrifoed by 
M> 150, it is stin a major STD of hxmians- FailiJte to detect and tx^^it Neisseria 
gomrrhaeae infection caii altow the disease to progress to a serious sy^teanic 
15 ih&ction that aSFects the heart, joints, meaingeSj^ eyes and pharyn?tx 'iliws, early 
definitive diagnosis ean assist tredanent of the disease and prevent the serions 
epjsplications that can arise as a restilt of Ms bactmai infection. 

Although pohmerase chain reaction (PCR) is the method of choice tor 
routme detection of Neisseria gonon-hoeae, PGR has limitations and bacteriai 
20 isoiatioii has remained the gold standm-d for definitiye diagnosis, TMs is largely 
. becauiss K gonorrkoeae shares much seqiience homology with other Heisseiia 
species, including N. meningitidis, and in additioHj contaiiis many non-conserved 
sequences (Pahner et ali 2003, h €iin- Miciobiol, 41 83S-7). Thm, there is a 
poteiitid ibr both faise-positive and faise-negative jfesults to occur when usiiig FCR. 
25 for routine detection of jV; gonorrhoeae. In both situations the consequences may be 
si^ificant. From a public health psrspectivCs false-negative resiilts may allow 
unchecked spread of the disease whereasi Mse-positive results can iiave considerable 
social ramifications for patients. 

TUo Rosiie Cobas Ampiieor systqa (Roche Diagno^cSj Atistr^a) is a PCR. 
38 assay wideiy used for the defection of JV: gonorrhoeae. Its appeal Hes in its ahiiity to 
siinnltaT^eonsiy detect Jf. gmorrhoeae, Chlamydia mdhstrntis and the pr^eace of 
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inhibiting siibstances, while also ctoykg- IMted. States Food a»d Drug 
Adjaimsfe-ation (FDA) approval. However, &e Cobas Amplieor system does have 
iiiaitations. Most notably, its M gmtofThoem stss&y .is. Mown to cross react wife 
some strains of commensai Neisseria specieSi iaclnding M suhfimtHf M cinerea, N. 
5 Jlavesceni^s M tactamm and K sieca (P^er al.^ 2003, ^sajsm* Fawell, 1999, J. 
Glin. Microbioi. 37 386-90). Conseqtientlyi thease is a aeed to use a second FCR amy 
to cordSmi Cobas Amplieor positive i^sdts. la respojt^ ciitiieal laboratories hwe 
adopted in-house coa&matorj' assays. 

To date, the most ccamnon target for in-house confiimatory tests has been fee 

10 - cryptic plasniid (cppB) gene o£N, gonon-hoeae, mHi several sucb protocols ba-ving 
been described (ilo et aL, 1992, J. Clla Pathol 45 439-442; Farteli, 1999, sttpra; 
Wm^Mat, 20Qa,M^. m5mhioV^M Dis. 42 85-9; Tabrizi et aL, 2004, Sex. 
Tmss. lafert 80 68-71). In particular, a LighftCyclsa- based eppB PClL (cppB-LC) 
assay has beea devoloped for; confirmation of Gobas K gonarrHoeae positive 

1 5 specimeas (Whiley et al., mpra% However, serious wncerns have now been 
raised over the saftsitiviiy and i5|«!cificity of N. gonorrhoeae assays targeting fee 
cppB gexie. Stiidies conducted in botli &e United Kingdom md Australia have 
idmtiSed N, gonorrhoeae ispiates lackiEg fee cppB gene (Palmer et al 2003, siipru, 
Ottawa k cli^er of cnlture-positive, birt PGR felse negative kifections wife 

20 Neisseria gomfrhoeae. Tapsall et al„ Absteaet 0129, 15fe Biennial Congress of tie 
Memdtidnai Society for Sex^uaiiy Transmitted Diseases Resesrch ISSTDI.). 
Tkeietpre, laboratories targeting gene run the risSc of faise-negative resnlfe. In 
addition, fee cppB gene coqld be present in connhehsd iYal^^ strains, mcMfeg 
K cinerm, and so eoMd also prodnee false-posiiVfS results (Palmer et at 2003, 

25 supra). 

Cross-reaction is a siguiticant probieoi for gonococcal aacieic acid-based 
diapostic testing aad horizontal: genetic exchange in fee Neisseria gmus is fee major 
sosKJe of feese cax)ss-reactions (Johnson et al^ 2002, MMWB. Recomm, Mp IS 1- 
38). Futthearmorej gonococcal tests are ns«i on non-sterile sites and ofeerNei^eiia 
3G sfrains may freqneatly be ftsmd In sach sites. 
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PCR detectioH of &e :^QrA gante lias bem vssd to detect Neisseria 
meningitidis (Glusteiii et at, 1999, IvMecular Diagnosis 4 233-9), partly due to an 
ass«mptioa Uiat tills gene is absent in comBiensal Neisseria (Feavsrs & Maidea, 
1993, Mol. Mcrobiol 30 647-616), FiaA in sttcfe assays, cross-reaction {or 
5 the potmtial for cro$s~reactiori) is not a sigmficastf teal as Hiese tests m& used on 
sterie sites, laci«4mg Mood anct CSF, 

Hie oniy othea: Weisseria ispecies wiiere a porA setpence has been idestified 
is N. gonorrhoeae, wUc^ihas^por A pse.ii4ogeii6 of considerable seqiimce SHii0arity 
to the N. mmingUidis porA gene (Feavers & Maidm, 1998, supra). However, it is 
10 not clear whetber this pseudogsne is presea^t m dl straiiis of A', gonorrhoeae, mr has 
its abseace in coimnmsai straiiis been verified, 

SUMMARY OP THE INYHNTIQM 
H^twitistaiiding t&e fact that tiie K gomrrkome porA pseudo^e is m 
uniikeiy target for nudeie aeid-based detection of N gonorrhome and, more 
15 particulariy fdi- <Ustiiigmsibmg between K gonotrkome N. mefnn^tieiis, and 
inigbi not be present abiqiiitoHisly amtmg K gonorrhome isolates md ^mm or 
absent in commensal stmi^is, tlie present inventors have developed a swinrisingly 
seasiiive and re|)K>ducibie nucleic acid-based detection metliod using the K 
gomtrhoeae p^tk pseudogene as a target. 
20 The present invention is therefore broadly directed to m mefeed of detemiimng 
wi^er an indivyfoal is qx has be«a iafected vvith Neisseria: ^norrhmae, , wbicb 
pethod utiii^s a porA pseudogene; or porA nuclac mid. derived tberefjnpitsi, as an 
indicator of mfecSon. 

Tiie present invention is also broadly directed to one or more oiigon-ueleotides 
26 wMch facilitate detection of a Neisseria gpnorrhoeae, pQiA gme or pOrA nMeic 
acid, 

In a.&st aspect, the invention provides a metliod of determiBing whether an 
indiyidiia! is or has been infected with Neissena gonorrh&eae, , said method 
including the ste^ of detsoting an isolated porA nncleie acid of Neisseria 
30 gomrrkome^ if present In a Molo^cal sample obtamed from said individtiai, a 



presmce of said p&rA aucMo acid mtficating iJiat said indivi&ai is or lias besea 
iaieotei! v^nthWeisseria gon&rthpeae, . 

Preferably, &e meihod includes the step of subjectiag a aacleic acid sample 
to aucieic acid sequence aiiapMcation imder conditions which facilitate 
$ an^MeaticHEi of isolated porA aueieic acid to o- detect^ie level 

ia a second a$peet the mtmtioa pi^^idtss a method of determiijmg whelier an 
ii^fiilual is ot has beeti infected vwth Neisseria gonorrhoeae, , said me^od 
kckding the st^ of selectively detecting or distinguishing ah isolated porA nucleic 
acid ot Neisseria gonprrh&mey \ frojn a parA niicieic of another Meisseria specieis if 
10 present in said biological sample obtaiued from said individual, a presence of said 
isolated porA nucleic acid ixidicating tliat said individual is or has been infected with 
Neisseria gonorrhoeae, . 

Pieferablyi the method includes the step of snbjecting a Bucieic acid sample 
to nucieac acid sequence amplification under conditions which facilitate 
15 ampHfcgtion of said isolated |K5rA nucleic 

fsciiitate ampiification of said porA nncieac of said ianofiier Neissma ^ecies to a 
deteclable level. 

Preferably, said anothei' Neisseria species is N. meningitidis. 
|ji a preferred embodiment the iuvention provides a method of deteimaing 
20 whether a human ta^vidual is ar has been Mected -wiih Neisseria gomrrhmae, said 
method iscluding the steps of; 

(i) SHl>j<sjting a biological sample obtained feom said human individual to 
nucMc acid sequence ^pHScatioH to seiectively produce a porA Nmssena 
gomrrhoeae, amplification prdduct firom & Neisseria gonorrhoeae^ pot A nucleic 

25 acid if present in said biological isampie; and 

(ii) detecting said ainpli tication product, if present, by probe hybridization 
whereby a prestmce of said porA ainplification product hidicates dial said individual 
is or has been Mected m% Neissena gmorrhoeae, . 

M a iiut'*^ aspect, the inveiiiion provided ah oligonucleotide which is capable 
30 of hybridising to a porA nucleic acid of Neissetia gonorrhoeae, ssfiBei<entiy to 
enable detection of said porA nucleic acid, but which is not capable of hyfeiidiztng to 
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a porA aucleic add of aaotfeer iSTdssed^ species suMcieaty to eaal>le detecticsi of 
said porA liueleic acid of said another Ndssma species. 

Pi-eferably, said another Meissetia species is K meningitidis. 

M preferred embodiiimts, said oiigonucleoiide comjprises a auc|£K)tide 
5 seqiieiice as set forUt in Table I and FIG. I (SEQ ID MOS^3-9). 

In a fouith asjp^t, &e jnvmtioft isroviies a Idt eompjMag oae or more 
oligoBueleotides according to tbie fiird aspect together with a DNA pdlyjaerase 
and/or one or more detectionieaieaits, 

111 a fxSh aspect th& invention prcddes a nucieic acid array comprising m 
10 oligoimcieotide accardijig to the second aspect, iniinobilized, co«pie4 impregnated 
or ofeawise in commmiication with a substrate. 

It mil he i^prcciate4 t^at the inveation provides a method and 
oligonndeotde that fecilitate detectiqn of a porA nuoleiG acid of Neisseria 
gonorrh&^aei , 

15 Preier^ly the; porA twiileic acid corresponds to a fragment of a porA, 

psendogene Neisseria gonorMome. 

More preferably, according to this embodiment the porA bucMc acid 
coiTesponds to a fragment of a porA pseudogene of Neisseria gononhoeae, » which 
frapioit has a sncleotide seqitenee distinct from a ftagment of a porA gene or 
20. psetsdogene of aaoUier Neisseria Ispecies. 

Xh a particniariy preferred en^bodimeht;, the porA nijcleie aeid of Nsisserta 
gomrrhoem, Qo&spm&s a nucleotide sequence to wiiieh an oiigcmueleotide is 
capable of isane^g sufficimt to 

Snitablyj smd nucleotide seqnence is not present in, or has onei or tnom 
.25 aacieolides different to, a nucleotide sequence of a porA nucleic acid of another 
Neisseria species, siich that said oligonucleotide is not capable of h>%ridizing to said 
porA nucleic acid of said another Neisseria ^ecies siifficient to iaciMtate detection of 
said porA nncieic acid of said anptherHeisseriasj^ 
I^eferably, smd ano&er JJeisseria^ci^^ 
30 In a particulady advaaiageotts eaibodimeni the method and o|igoni»5ieotide 

of the invenMon facilitate detection of a porA nucieic asid that may be presmt in 
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eaeli of a piuraliiy of isolates, gtrainSj alleiie \'adMts or mb-species of NetsSetia 

gonorrhoeae, . 

Tbrottgholit this specification, uoless otherwise indicated, "comprise'', 
"comprise" aa.d "comprisiiig*' ^r© used inciusiveiy ratiber tliao exotosiveiy, so Hiat a 
5 sMed integer or group of iiitsgejs may inoMe oae or mim other Ron-sMf d iat^gers 
orgrGi^sofiategers. 

BRIEF DBaCRIFTiaN Oi? THE FIOUKjES 
¥10,1 List of jpredfored noHgdnucleotide primer ssqatences (AS == aiitiseiise} 

and niicieotide sequence of gonofrhpede porA pseadogene. Bolded rs^idues 
10 indicate (5'to 3') KG-pap~F (fomard) primer amealing site; NO-pap-pl probe 
liybridizatioa site; ■NG-pap-p2 probe hybridizatioa site; and "NG-pap-R (reverse) 
primer laiin^mg site. The expected ampliiicattoa product size is 132 bp. Shaded 
resadues pre llipse ^sviiich j»?e noti-identical wiifc the corresponding M mmingiiidis 
porA sequesBce. Seqoien.ce ideatiifiers as fPUows: NG-piap-F (fcsrward) primer 
15 seqijence: (SEQ ID i^O;l j; ISlOr-pap^E (reverse) primer seqiiejics (SEQ ID N0:2); 
NG-pap-pl probe (SEQ IB N0:3); KG.^p^p2 probe sequeaoe (SEQ ID Hd:4); N0- 
pap~p3 probe sequence (SEQ ©iiSTGtS); NG-pap-p4 probe sequence (SBQiD N0:6)' 
NO-pap-pS probe sequence (SEQ iD NO; 7); NG-pap-p6 probe seijusi-sce (SEQ ID 
K0:8); NG-p^-p? probe sequence (SEQ ID KQ:9); N. gonon-hoem porA 
20 psssadogeas sequence (SEQ ID NO: 1 0); 

DETAILED DESCRIPTION OF PREFERRED ElviBODMMT 



Thepjeseat invention is dii«cted to is^toving nucleic acid-based detectioii of 
N. gmorrkoeae. To this end theipreseiJt inveators have idmtifieKi an aitematiye PGR 
target s^uence on Sse iV. gomrrhoeae genom«i, nataejy fee porA pseudogaas, which 
25 has mv^ "betbre been iKsed Mas a target for N. goimrrhoea& Adi&^m. atid 

imexpectedly offers dj-astically improved clinical sensitivity^ and specilieity for tbe 
deteelioa of N. gonorrhmae wbteii compared wi& other PGR assays described to 
date. 

More particularlyj the; preseattt inveators have developed a new N, 
30 gmprrhoem lji^iOpl^'^ as^y targetlfig the gomrrhmaiz porA pseudogeae. 
Importaatlyj &e Nmserta i^A gene is shown tp be present in all M gomrrhome 
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samples aad isolates teste! but absent in conmieasal Neisseria species, Hjerefore, iie 
selection of this gene target elaniaates or at least deduces tlie potential for cross- 
inaction with comaaaisai Neisseria species. 

Diaerences existing m iporA sequences between N, gonorrhome and N. 
5 meningitidis have also hem exploited to devdpp oligoimqleotides tbat eaabie 
s^jedfic i'GR ampiification md ds^^m^o porA mcieic 

aci^soiiiy. 

A particulsa' difjicuily overcome by tiie present iiiveritioii is tliat tlieits are oMy 
a feWj small sec^ons of porA sequence sufficient difference betwee« N. 

10 gonorrhoeae and meningitidis to develop a specific gonococcal assay. Too few 
mismatches between amplification primers and contaminating DNA, namely 
meningococcal porA DKA, will cause the assay to cross-react Too inaGy 
laismafches between piimeis and tbear resgpective feargets may decrease tbe 
amplification eJSiciesicy of PGR ampiifioatian of ilie gonocx)ccal target porA 

15 sequence. 

Ilie oEgohuoleotide pntaesis of the 
to make the assay specific for gohocdceal porA DNA, even -svlien coatarimiated wife 
relatively Mgli concentrations of meningococcal DMA (approxlmatdy 0.5 p^g per 
reaction). 

20 Tlie presmt invention theretbre provides a method for detecting m isolated 

porA nuci^c acid pfiVewma goK<?^ in a biologleai sample and one or More 
pHgonuclesoiides, wMch facihtate aisplification and/or deteetion of said porA nnoleic 
add. 

For tbe pinposes of this; inventionj by ''HsohtM^ is meant matoial that has 
25 been removed ftoisi its nattaal state or ofiierwise been subjected to hmnan 
nianipiilation. Isolated material may be siibstantially or essentially free from 
components thai normally accompany it in its natnral state, or may be manipulated so 
as to be ill an artificial state together wilh mmponents that normally accompany it m 
its nataial iState, Isolated material Jimy be in native, chemicsi synthetic or 
30 recombinant fpim. 
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As ijsed teem, ''miekm add" mclades and encompass©? DNA, RHA md 
DNA-RNA li>'brids, DHA includes smgle-straaided and doable-straiided geBotnic 
DNA and cDNA as are well mdgxstood in the art. RNA iacliides siiigle-siiaaded and 
double-straaded improcessed SHA, mRNA and tRNA. 
5 It will be appimated fiiat by ^'porA micieic acid" is meant a nucMc acid 

wMch eo3Efesponds to at Ifeast a fr^itneiit or rcgioD df a ftorA gene or pseuddgme. 

As used hereitt, a "geB<2" ;is a discrete siractijral iinit of a getiome wijidi laay 
comprise oae or more eiemeots such as an amino acid coding region tj^ically pn^ent 
ill one or more dstroiis, m operator, a promoter, a trniiimtor aad/or any other 
1 0 i-egulatory aiicleoiide sequencefs) , 

As used hereia a "ps&uiogme" is m inactive iiait, region or sequence of a 
genome which asimilar sequence to a Imowa fohctional geas. Tj^icaliy, because 
of this sequence sinjiiaoty, psenidogenes ^ nprmaiiy coaisidered jto be evoWoaar)' 
f ela^iv^ to aoimaUy fimctiohih^ genes. 
IS in I^, gonorrhoeae, por A iS a pseudogene ^MomK mmingitii^is forA is a 

gene. 

By ''correspomh to" or "correspondmg to*^ in tins context ia meant that the 
porA nncieic acid comprises a nucleotide sequence which is present in an porA 
pseiidogene, or is complec-ientary to a nucleotide sequence present in a porA 
20 pseudogeae, or is at lea^t 80%, preferably at least 85%, more preferably at least 90% 
or even mote pref^ly at least 96%, 97%, 98% or 99% ideutieal to d&er of 

In aparUcaiiarly prefeired eiabodim^^^ naeleic acid eojresponds to a 

132 hp fmgmeht of a porA pseudogene, 
26 In paiticular aspects, tlie Invention provides one or more oligonucledtid?^ 

and/or methods of using same for faciiitating nucieic acid sequence amplification 
and% detection of a porA nucleic acid. 

As used hmmn, m ^'0ligpnm:leotid^' is a sm0&~ m double-stranded nucleic 
acid having no more thaa one bundred (100) nucleotides (bases) or nijcleotidc pairs 
SO {hm& pate). A ^pofyituclmtid^' has more than one hundred (106) nueieotiEdes of 
nucleotide pairs. 
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la particuiar coatext of audeic acid s^queace ai%lifiep.ticmj an 
oiigomicleotiae of &e inveatioii may fee in iheibrm of a prim^. 

As used ■herean, a 'Vnmer'* is a sin^e-stranded oligonucleotide which is 
capable of liybridizaig to a nucleic acM "tempiate'' and beiag extended in a tempiate- 
5 dfi^deat fasMpa by fee action of a suitable DHA pol>'merase smh as Tag 
polymeme, HHA-di^endent DHApoiytnerase or S^tpoase™, 

Typically, a priin^ may have at lea^ twte, fifteen t^'eatyj t%'eaty-iYe, 
tintty/thirty five or forty but no more than My contigaous nucleotide bases. 

It will be ^preciated tfe^ lite primeis desctibesi hereiij have been desfgned 
10 according to selected criteria to maximize detection senaitivity and specificity. 

Suitably, prinjers of the invention are designed to be capable of annealing to a 
aucieotide sequence of & Neisseria gonorrhoeae, porA nucleic acid that is not 
present in,: or Im one or more nucleotides (pferent tOj a nncletJiide Seqnence of a 
pofA nucleio acid of apofeer Hedssearia;?pecies^ such that said oKgonticieotide is not 
16 capi^le of sameaiing to said porA nucieic acid of said another Heisiseria species 
snfficiesnt td faciHtate detection of said porA nucieac: acid of said anote Neisseria 
^ecies. 

Prefsrabiy, said another Neisseria species is N. meningMdis. 

It will also be appreciated that the present inveution is predicated, in pari, oil 
20 fete observation that oilier, coinnieiisai ISieisseria species sijcb as K mbjlav% M 
cinermi M^cmscens^ K imtamm ajid M donot have a porApseudogene. 

in one partiddarly adyahtagebts end^Kxiimdit, pi^eins of the invention are 
designed to &jHitate detectjon; of a porA nucleic acid of a pluiality of isolates, 
strainSj alieiic valiants or sub-species otMlssena gGmrrhcfme. 
25 Accdrdkgly, the present inventors have identified nucleotide seqnejices in a 

porA gene of Neisseria gonorrhoeae, > wMch are conserved within a plurality of 
isolates of this pathogenic organism, which sequences are not present In, or are 
sullcimtly diSersnt to^ respective nneieodde sequences in a pprA pseudpgene of 
Neisseria meningMdis, 

SO This has enabled &e piseseat inveatojs to d^ign primers that ^cilitafc 

^eoiilc, sensitive andbroad-^echfum amplification of iVemerfa^moir^o^ porA 
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McMc adtte wMle avoiding smpMcation of a porA nucMc add of sdd another 
Neisseria species, or at least Kiimmizicg aiBpiificgiio» thereof to m aadeteptable 
level. 

FarticMai- examples of praaets according to Hie invention are provided in 
5 «. i m& Table I (SEQ mWM 1 and 2). 

It vwii bip #mated fit)in coirfsdng the primer s^Ejueaces of EO, 1 (SEQ 
ID MOS:! and ?), ffe^ N. gonorrhoeaei porA pseudogeae aiKsleotlde sequajee set 
fortli is FIG.i (SEQ E) NO:iQ) and tile cpire^ondiisg piibJish^d iV; tnmngitMis 
poiA niicleotide sequence, that sanations in primer sequeace are ie«#iy achievable 

10 wMie Biaititaiiiieg the specttlcity necessary for selectively ampiiiyiog a N. 
gomrrhems, porA sequence. 

In a prefacred smbodiin^tit thie iovesation conteRiplates detection of a parA 
rtucleio acid or tagment tfeoreof hy Rucleie acid seqlieace ampiific«itio» and 
sobsfequmt detection of a porA amplificatioa pixsduct 

15 Niicleic apid ^pltficatioxt tecimiqiies are well knowa to the skiUed 

addressee^ and include polymer^ chain reaction (PC^) aed Kgase chain i^eactioB 
(I,CR) as for example described in Oi^ter 15 of Aosnbel el at CUIHENT 
PROTOCOLS m MOLEClII,AR BIOLOGY (Jobii Wiley & Sons 1995-1999); 
stoffid dis|.>iacenieiit ampHfication (SDA) as for example described in U.S. Patent No 

20 5,422,252; roiliag circle repiiediott (RGR) m for sxaiBple described in Lm et al, 
1996> X Am* Qmxi. $oc, 118 11587 and liiteriiaiibnal jgjpiicatioa WO 92/01Si3 aiad 
by Lizardi et i?/., in Intematicm$l Application WO 97/19193; iiucleie Md i^^ 
based ampHfitrntion (HASBA) as for example described by SooimanaK <3:/.,i994, 
Biotechniques 17 1077; Q-f3 repEcase ajEOplificsaion as for (Sample described by 

25 Tyagi et al, 1996, Vmc, Natl. Acad. Sci. USA 93 5395 md licUcase-dqjeiident 
an^Iiiication as described in. Inteiiiational Publication WO2004/02025, 

The aboyementioned are ea^pies of nucleic acid sequence ainplificatioa 
teclmiqaes but are not present^ as ah exhanstive list of tectoiqi^y Persoi^ skilled 
in Hie art will be well aware of a vaiie^ of other appiicable tecMiqttiss a^ well as 

30 %'ariatloBS aad modifications to tie techoiiqiies described herein. 
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For pxan^le, the iaveation contemplates use of psstictite tocliBiqiies feat 
facilitate quaatlficatioa of itocMo add sequence amplificalion prodmcts such as by 
"competitive PCR", or tecMiiques such as "Reai-Tmie" PCR amplification such iss 
desciibed in \%iley et al, '2iX&, supra, 
S i^referafcly, the nucleic mid sequeace aa^lification t€slii!iq|«e is POR^, 

As iised hereinj an '^amplification producf is a nucide acid geaentteifl by a 
nuclels 3ci<3 sequence ampligcatloiitecM as lieieinbefox^ described. 

la a piaticuiariy pisfesrrejl^ isethod prodt^ces a single 132 bp 

|jorA aiBpiiiication pmduct 
10 As lised herein, "hybridization", "hybridize" aiid "hyhridmng" refers to 

fomiatioji of a hybrid nucleic acid through base-pairing between complementaiy or 
at least partiaily opa^leMjaataiy jaucleotide sequence under defined conditiofis, as is 
well kno-vm m. the art, Nopaal base-pamag occuiis througji fojiai^ioa of hydrogsai 
bonds betweiea coiijpiementary A and T or U bases^ and between G afld C bases. It 
15 v^Ml also be %preci^ed that ba$6rpairiag inay becia- various derivatives of 

piiriaes (G and A) and pyriimdijiies (C, T and U). Purine derivatives include iho^mej 
msthylinosine aad methylad^osineis, Pj^nidine derivatives iaclude shlto'- 
contsirdag pyriniidines such as lliiouodine and methylated pjiiiradiTies such as 
metiiyicytosixie. For a detailed discussion of the factors that generally affect nucleic 
20 aeid hybridizatioB, the skiUed addressi6e is directed to ChmptQt 2 of CURRENT 
PROTOCOLS IM MOIECOLAR BIOLOGY, >$«i?m. 

More speciKcally, the tetms "aroiet?/" and ''mmeaUng" are used in Qie coatext 
of primer hybri#aation to a nucleic acid tempiaie for a stAjsequent primer extension 
reaction^ smh as oceut^ diuin^ nucleic add sequence amplificaiicHi - or dideoxy 
25 nucleotide sequencing, for example. 

For a discussion of the factors that affect aaaeaiing of PCR piimers. the 
skilled addi-essee is directed to Chapter 15 of CORjRBNT PROTOCOLS IN 
MGUBCLlLAR BIOLOGY Eds Ausubel et al, (John Wiley & Sous NY 1995-1999). 

Th^ invention provides; detection of a porA nudeic add of Neissena 
30 gm^rrhoe&e, m a biological sample as an indication or presence of a Neissena 
gmwrriwea&f m an individual firom which the biological smnple has been derived or 
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obtaiaed, or m an indication of a past iVmse^'a gonorrhoeae, mffectsoit of said 

individual. 

Preferabiy, a poxA nucleic acid assplificaiion produGt, wMcfc affl|>lificatipn 
product is detected by one ca: mots metiods as well uiideratocM:! in the art . 
5 I)eteotioii of amplificatioxi may be achieved, by detecSsoH of a pmbe 

hybridized to an amplification: product, by diiietA vimalisaiaoii of amplifieaiioB 
piotefe by way of aprose; gel deettophoiiesis, mieiediide sequeacing of 
ampMcdiott pfoducts or by d^tectipa of fliior^scqatly-lsbeieci amplilicatloa 
products. 

10 As used herein, a "'probe" m a single- or double-slxanded oUgonttckotide or 

polynucleotide, one and/'or the other strand of which is capable of hybridimtg to 
asotixeriiitcleiG acid, to thereby foiro a "hjisrid" Bucleic acid 

Probes ms^or primers of the ixiveation may be labeled, for example, with 
biotiii or digoxigeain, mih fluoiochroMes or dojior iiuoropbores such ss MTCi 
15 TRirCi, Teitas S,ed> TET, FAM6i HEX, ROX or Oregon Grsjen, acceptor 
Suorophofes such as lJG"Red64P, eB2rymes such as hoxseradish peroxidase (HI?} or 
alkaliiie phosphatase (AP) or with radionuclides sucli as ^^F, ^^P or "^^S to assist 
detection of ampIificatioB products by techniques are well knom'B in the art. 

Fislerred embodimes3^s of probes according to the present invention have 
20 resp«s;iive nucleotide aequenpes set S3r& ia FIG, 1 aadXable 2 (SEQ ID NOS:3-9), 
Partic«iariy prefeBred embodiments of probes according to the present 
iavmtioii have respeetiye mK:ia>tide sequences set forth in SBQ ID MOS: 3 and 4. 

WitSi regard to detectioii of iluorescentiy-labeilai aii^lifieatidn prddwcts, this 
may be acMeved usiiig one or haore podmesra lhat iiicoiporate Suorescent labels as 
25 hereinbefore described. 

In another embodiment, detection may be performed by melting cnr/e 
analysis using probes inGOiporating flaoresceBt iabeis tliat hybridise to amplification 
products in a sequ^ce atapMeation reaetioii* A particular exaa?pie is the use of 
Fluorescsat EescmsaiCe Enefgy Transfts: (FBET) probes to hybiidfee with 
30 ampIiScation i^xjdiicts hi "real thxie" as amplification products are produced wi^& 
each cycle of ampMcation, 
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A MET %btidfeationpmbe pafr is designed to hybridfee to adjacmt ^gioas 
on a target DNA. Each probe is labeled, with a different maxker dye. Interaction of 
the two dyes can oidy occw wlien both are bomid to their tai-gei Typically, the donor 
probe is labeled wfe a iiiiorophore (suck as MTC, TRITQ Terns Red, TET, FAJVIS, 
5 HEX, ROX or Oregon Green) at iSie ^ md and acc^tor probe is iabeiied with an 
ac<5e|>tor fliiorophore (such as X,C-Red640, TAMRA or QSY dyes) at its 5' ©id. 
piiilng PCR, fee two differoat oBgoavicieodd adjaeeat regions 

of hst target £>NA smh that the fiuorophoreSi wfaicli are coijpied to the 
oligonucleotides, are in close proxiaii-fy in tie hybrid stracture, Tfae donor 
1 0 fluoxopbore is excited by an external ligiit source, then passes part of its exeitatioa 
energy to the adjacent acceptor fiuorophore. Hie excited acceptor fiuoropbore emits 
li^t at a differmt wavelraigth wMch eaa theai be detected and measured. 

& 5^ another embtw^iment, the iavmtion eont«npiat€«:use of meitBig curye 
aijalysis wherefey nucleic a^^^ dyes such as etMdiian brondde (EtBr) or 

15 SYBR Qtmx I bind agaapiificatioii products and jSudrescenoe emission by the 
intercalated compl exes detected. 

Melting ctin'e analysis may advaatageousiy be performed lising an apparj^s 
sadi as a LightCycler^^' , as for exanaple described in Whitey et a!,, 2002, supra. 

In Mglit of the foregoing, it be appaient that the Neisseria gonorrhoem, 
20 detbctioa methods of tie iiiveatioh are ideally suited to assisting diagnosis of 
indiyidiials that may have had, or currently hayej &Nmserm goHori-kome, infection* 
Neisseria gmorrhoem is a prnnaiily a pathogenic organism of humans, 
hesace the present invention is partieaiariy directed to detectioa of Neisseria 
gonorrhoeae, infectibn in hiiman indi'vidnals, 
25 Suitably, said biological sample is a cen'ical^ m'etliral, penile, anal, rectal, 

tljroat, saliva, fecai or urine sample, iiltliough without limitation thereto. 

Snitably, said biological sample includes one ore more bacteria or nucleie 
acidCs) derived therefeom wMeh may be in the form of DNA or ilNA. 

Preferabiy, in order to nHniinize haii<Mng of said biological sample, genomic 
30 JMA is isolated ftom said biologicai sample acco?ding to the mestliod of the 
invention. Howe^'er, ia prisciple, cDHA could \m genemted by reverse-transcribing 
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isolated KHA as is wdl Movm rn the art, as isf e?£aaple desciibed m Oi^er 15 of 
CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, supra. 

Particoiarly for the purpose of ciiiiical diagoosisj altboagh without HHiitatian. 
ihsrelG, the jnysation provides a Idt comprising one or more oiigoniideotid.es mch. m 
8 a ptimsr pair according to the Msd aspect of the Mvm&fl, Said kit may ftathisr 
ediapxise other reagi^ts such ais a thenaostable DMA poijtoofs^e, d^ porA liudeic 
mid probe, positive atid/or negative nucleic acid control saajipl^jj mpJec«lar ^teigjit 
inarfcers, detesction xmgmts mm m im colorimetric detecfcioB or fluqrescsnce 
detection of amplification products and/or reaction vessels suck as raicmtitre plates . 
10 It will also be appreciated tliat ti^e iisetliod of the invention may be used alone 

or combined with other foms of diaigaosis, sttch as bacterial culissre tests or 
traditional diagnosis based on; oHnical symptoms, to improve tie acctirac;^ of 
di^iKjsis. 

In a prefatted embodiment the invention provides a meSiod of determiniag 
16 wiietiier a hjuman individual is or has h&m infected wilfc Neisseria g&norrhoeaei , 
said me&od iitcliiding tlie steps of: 

(i) subj ecting a biological sample obtained &om said human iKdividuai to 
BUcleic acid sequence aiiipli-tication to selectively produce a porA Neisseria 
gomrrhoeae, anipMJBcation product from a Nemeria gonorrhoeae^ pat A nucleic 

20 acid if pi^esat in said biological sampie; and 

(ii) detectiBig said ampUficationproduot, if pre^ent^ by probe hybridization 
whereby a presence of said porA amplification product indicates idsat said individual 
is or has basai infected with Neisseria gomrrhomej, . 

According to a pai ticulariy prefeired form of tMs enibodiinsnt, rsai-tifiae PCE. 

25 detection is utilized at step (ii), by fluorescence resonaj>ce energy transfer (FRET) 
using an adjacent hybridization probe format. The preferrecl upstream 
ollgoBucleotide probe (NGpapPl; Table 1; SEQ ID NO:3) is labelled with a donor 
fluoropfeore, flnoresceinj, at the 3' tacminnSj and the preferred dowhstteaiEtt 
oHgoawiTOtide probe {N<^^P2; Table 1; SEQ ID H0;4) is labelled with aii 

30 acceptor flaorophere. LC-RedMOj, at the 5' tisraiinm Probe HGp^P? {SEQ ID 
M0:4) is also phos|}hmylat^ at the 3' termiam 
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It will be fertlier a^jsredated that the preseait isventioii may be performed M 
eoBjaactjon wthmcieic acid-based detection of otlier pathogesiic orgaaisms. 

In this regard, the inveiitioa contemplates nucleic acid axay detec-tioa of a 
porA mickic acid of Neisseria gonorrhoeae, whemia one or more other mcieic acids 
5 of ote patiiog^c prgmisms may be detected. 

A geaerai disciiMisiQn of ;tius type of miemarray approach to miiiti-pailiogeG 
detection is provided m Btyds^ei ah 2004, I^cet Meet, Dis. 4 100* 

It will be appreciated; that nucleic aci4 srfay may coaipiise an 
oHgomcieotide accoiding to second aspect, iiompbiUzed, ooispled, impregaated 
10 or othsrw'ise in coniuiuaication with a substrate. 

More generally, micleic acid array teclmology has become well knox^n iii the 
ait and examples of methods applicable to firray tecl-mology are provided in Chapter 
22 of CimEMT PEOTOeOLS IN MOLECT^ Eds. Ausabd et al 

(JoIm Mey&Soas m XiSA 19954001), 
16 in certaia ea«bo<^mettts, at least one address of the plurality iBelades a 

micleie acid c^feJ^f® P*^fe® ^^^.t hybridisiiiss speciBcally to a member of a j£«icieic acid 
library, @.g., the sense or aati-sehse straad lia one prefesExed embodiment, a subset of 
addi'esses of tlie plurality of adcli-esses has a .nucleic acid capture probe tbr a mieleic 
acid library member. Each address of the subset can indude a c^tuj^ probe litat 
20 bybridiaes to adiffarestregionGf aiibraiy mmiber* 

Witli respect to the preiserit invmtion, a preferred amy fortnM comprises 
^ass slide? having an imm0bil|?ed, oidsred grid pf a plmlity of cDNA fragments. 

The an«jf can have a densi^ of at least fean 1% 50, 100, 200, 500, 1,000, 
2,000, Pr lOjOOO or more addresses/cm\ aad rmges Iherebetwem. The substi-ate 
25 may be a two-dimensional sabstrate such as a glass sEdej a wafer (e.g., silica or 
plastic), a mass spectroscopy plate, or a three-dimensional substete such as a gel 
pad. 

An array can be generated by various me&ods, e.g., by photolithographic 
methods (see, e.g,, fatsat Hos. 5,143,854; 5,510,270; and 5,527,681), 
30 m^haaieai meHiods (eg., directed-jaow methods as described in U.S. Patent Hp. 
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5,384,261), pin-based me&ods {e,g., m d^cribed m U;S. Pat No. 5,288,514), aad 

bead-based tecluiiqaes (eg,, as described in PGT/tJS93/04l45). 

So that the present iuventioB ciui be readily miderstood mid put mto practical 
ef fejt, leli^eiaice is mad© to ttte following non-Iiimting «xai;^ies. 
5 EXAMPLES 

h total of 282 ciimcal samples (46 c#s?ipal : swabs, 12 «x«ferai sw^ and ^4 
yfke speeimeas) from patients presenting for sracuai hsglfh scimi were ijsed in Ibis 

10 stady. Given the low incidence of .A' gonorrhoeae infeciirm in our local populatiott, 
the ssJBples were selected to provide a iaxge proportion of Cobas positive specimeos. 

Th& patients ooxapiised 178 females and 104 inales and ranged in ag^ from 13 
to ?0 years wiUi a mean age of 26 years and a median age of 23 ysaim. Ml 282 
saaipies were tesied by theN<3p«qpLC asisay combming &e 

16 Roohe Cki}m AmpHcqr assay; and &.e cppB-LC assay. Using this aigoiithm, 
^jecimeiis were initiaUy tested by 0ie Cobas Ampitcor ineihod. Any sansple 
providing a positive M gonorrhoeae result by the Gol:^ AmpEcpr assay was thisn 
tested by tlie cppB-LC assay for confirmation. 
Mptche Cebas Ampikor Assay 

20 The mms and sw^ ^ecinieBS wms processed msd tested on the Roche Cobas 

Ampiicor System aecording to tbe manufacti^'er'S instrttctions. Eaeh %ecimea was 
simiiltaneQusly tested for iV. gonorrhoeae, 0iimnydia trachafmiis aad tfee presence 
of itibibititlg . substances; Eesolf inteipjretatidn was performed nsiag i^ie criteria 
^BppHed by the matMaetutar. Briefiy, ^eclmeais providing an i^sGrbance less than 

26 0,2 were considered negative for AC gonorrkmm whereas specimens providing an 
absorbance value of 0,2 or greater were considered positive. 
LightCyder assays (N^s^L€and eppB~LC} 

A eoimn mtj^sMon wbs used for both the NGpapLC and cppB-LC 
LightCycler assays, Nncleic acids were exfiratcted frena 6,2 mi of each; specimen using 

30 8ieHi0i Pnre Viral Hncieic Acid Mt (Roche Diagnostiios, Ansiraiia), aocordlng to the 
mannfectorer's instructions. Purified specimen DHA was etoted from &e eolimm in 
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50 pil of eiutioii bujSer (Roclie Diagnostics, Aiistolia). DNA extracts were stored &t~ 
20*C xmtil analysis. 

Tlie NGpapLC assay coioprisoi of one ppHier iJair, one pair of b>'bridi;^ati<)a 
prolses and t^^geted the M, gmiotrhaem porA psetidogme. Amplification was 
5 peifomedl mn% primers p^F; attd p^H (Tabie 1; IfiviiTOgeii, Attstralia), wMcli 
praiiieM a 132 bp FGR piwiuet durmg l|:e re^tim Real-tia\^^ 
^Meyed by fltioresc^Cie i^taia»ee eaetgy faiisfer (MET) using aa adjacent 
jbybrid^s^on probe ims^. The itpstiieam pligonueleotide ptobe (p^Pl; Tabk 1) 
was labelled wife a donor fiBoropbore, fluoresceiB, ai tlie 3' temimas, and the 
10 dowBstream oligonucleotide probe (papP2.; Table I) was iabelled wiib an acceptor 
iluoropliore, LC-Red640, at tbe 5' teimnus (TiBMOLBIOL, Gennany), Probe 



p^P2 was also pho^koiylated 
Master Hjiforidization Frobes Mt 



at fee 3* tstminus. The LightCyder FastStart D3S1A 
iCRoche Diitgnosiics, Atsistfalia) was used as tfee basis 
fat l|ie teadioii nuxtarei employing a 20jii vbltime in each reactipis capillary. 
15 Biieliy, capillari^ were loaded wife 2fii of Mt Master reagent (10 x; Roche 
Biagsiostics, Australia, reagent I), 4mM of M%Ck (Roche Diagnostics, Aiistralia, 
reagmt 2), 0.4j.lM of primer papF, 0.6|iM of priiner papR, 0,2^iM of each 
hybndi^sation probe and 5j;d of DNA exttm^t Each mix was made to 20^1 usiiig 
stfidie PGll-grade water (Roche Diagaosttcs, Anstmlia, reagent 3). Every test: nm 
20 included apo&itive control and three no-target cohtrofe; consisting of 15 of reaction 
mixture witli 5fil of extraction elution buffer. Amplification detection wa? 
performed on the LightCycIer (software version 5.32) rising tlie fbibwitig 
parameters: an iritial denaturation stq) at 95''C for 10 ininutes foilovyed by 55 cycles 
of dmataratioa at 95*C for 10 seconds^ primer and probe annealing at SS'^G for 10 
25 seconds and esttension at 72*'C fbr 20 seconds. The fluore^ence response data 

obtained during the annealing p«siod and analysed wiiJi the chmnel settings F2/FI. 
Melting ctirve analyses was perfoitncd foiiowing PGR amplification. Briefiy, the 
analysis was commenced at 40°€, and &6 temperatui'e was raised to 95*C at a rate of 
0.2°Os, 
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The cppB-LC assay was pei^Jtmed as previotisly described (\¥Mley ei al., 
2002j s«prti) and. ■utilized sitnilar conditions to those of tlie KGpapLC asssay. Briefly, 
tfce liglitCycler FastSlart DNA Master H>'bridisation Probes kit (R.ocshe Diagaostics, 
.tostraiia) was m&d as tJie b^sis of the isactipB mix. Each x-saction capillary 
5 comprised a total ieactim voltsite of 20^1, wMcfe kciuded two piuierSf §101 @ 0.2 
iM and H02 @ 0.4pM) md t«?io hjbridisaiios {Kfob^ (D.2|iM eacb) taygetii^ the iVI 
gmorrkoeae cppB gme (WMey eif as^., 2002, .?«^?'a). 
Betectmn limit 

The detection Hniits of the NGpaj^LC and cppB~LC assays were detemi.ned 

10 and compared by testing dilutions of a suspension of a N. gonorrhoeae culture 
(ATCC49226) at 5 x 10E4 colony foiining tmifs/M (cfe/mi)* Seiiai lO-Md dilutions 
of this suspoisipn were extmeted and tested by h6ih assays xising the conditions 
described above. The detectiou limit of each assay defejttnijjed as iiie io%^est 
coticeritratm returning a positive isaotioa. 

16 Nimermpmel 

A panel of Neisseria species was tested by botii the NGpaptC and cppB-LC 
assays. This panel iticiuded 63 non-gonococcal Neisseria isolates, wMch were tested 
to deteimiiie Mse-positive cross-reactions. The species comprised M, m&nmgitidis 
(38), iV. ^i5f?m^ (12), K sicca (6% M elongata 0X K mucom (i%M ImtcmimMl 

26 and Brmhamelk caiarrhalU which is closely relate! to ib& Meissena gauss, hi 
addition, 84 iV, ^?0rrAf?eiste isoiatsss were tested to dd:mmae if the jjitmo' and probe 
sequence targsts of each assay were cojisery^, Wli N. gomrrhome tml^m were 
iisclud^ that had previously tested negative by the cppB-LC assay. These six isolates 
were pfdvided by Royal Damin Kospital, Noilhem Teititory. The remaining K 

25 gonon'koeae isolates were selected &Qm different geographical locations tlwougliout 
the state of Queensland to ensure a broad cross ssctioti of isolates. Nucleic acids 
were extracted fe«n cultsireg of each isolate using the High Pure Virai Nueleic Acid 
Mt (Roche Biaguosties, Atisjiaha!)* according to the nmEtfactsji^-s ipstmctions. 
Approximately 0,5 fxg of bacteriai DNA was added to each reacti<>n. 
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MotP-Neimefia panel comtmn human p^fmgem and normulfUm 

An additional panel of common human patliogeas aad Bomial floia was also 
used to further detemiine the. specificity of the HGpapLC assay; Acinetobacter 
aranitratm ATCC 1.9606;, Acmetobmter beaunmmi ACM 6S6, Acimtoimcter 
5 hmmlyticm ACM 620, Admtobacter Johmmii ACM 621, AdmtGhacMr jmii 
MM 617, Adnetobacier Ufii ACM 664, A&rdmdniis kydropkilm KXCQ 35654, 
AkuUgmm faemlis NTCO 356S5, Baeillm m^loliquijumms 
brmds ATCC 37, BaciUm cereus ATCC .11778, cifmikm ATCC 61, 

Smillm maxims XTCC 264, Badllus firmm ATCC 31, Baciiius latermponis 

10 ATCC 295, ilficto lichmifomis ATCC 127559, macerans ATCC 401, 

Baciiim megaienmi ATCC:; 2640, Baeillm mycoides ATCC 2S, BadUm poiymyxa 
ATCC 35, Badlim jpumuiis ATCC 4S3^ Bacillus i^haeficm ATCC 4525^ M&dthts 
sid}iilius ATCC 11774, Madllm thtmn0emis ATCC 453, Bact&rmdes distrnmis 
ATCC S503, Bmieroid&s gin^mlis ATCC 33277, Bacteraides vulg^tus ATCC 

is 8482, BcM^Mia htomhisepttm ATCC 10580, Bordetdla pmdpertmsis ATCC 
15237, BmMidhhria e&pada ATCC 17765, Chnipylohader Jejuni ATCC 33291, 
Candida alMcans ATCC 14053, Candida bt-isei (laboratory' isolate), Candida 
tropicalis (laboratory isolate), Citmhacter fretmdii ATCC S090, Corynebaeterium 
diptk&iae ATCC 13812, Btmmbacter mrogmm ATCC 13048, Enterobader 

20 cloacae (Mmsiory isolate), Mnierococcm dtmm ATCC 650S, Enterococms 
fmcaiis ATCC: 292l2, JSnkmoccus fmdum ATCC? 3566i7, Erysipelothrk 
rhudfipamm ATCC 19414, Esherichm cott ATCC 35^18, Flmobaetsrium 
tndoltgehes i^abomtoiy isolate), Flav^bactentrnt nmlti'mram ATCC 35656, 
iF«em<jpM/^ i>jj?ii^tt^ Klebsielia pnetmwrnde ATCC 13883, XlsJerio; 

26 monocytogenes ATCC 7646, Micrococcus lutetis ATCC 4988, Proiass mimbUus 
ATCC 7002, Pn?feMS v«/gans ATCC 6380, Prmndenda stmrtii ATCC 35031, 
Fseiidomonm aemgiftma ATCC 27853. Pseadomonm vesiculam Paboratoiy 
isolate), Smch&mmycm cermstae ATCC 2366, ^almomlia typMmrium ATCC 
14028, Serratia m»f^cmcem (labomtoiy isolate), jSemi^i^ oderifera ATCC 33077, 

30 Sk^dia fiemeri ^aborf^ojy isolate), SMgeBa smnel ATCC 25931, «S'&p%/d€JCto 
smuiam ATCC 27851, Siaphylpcoccus amem (lafooiatoiy isolate), Si0Jjylomccus 
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mirms ATCC 33591, StapJ^h&>c&us mrem ISCTC 6751, StapkyUmoccm cgpiii$ 
ATCC 27840, Siapkylococcii^ cohnii AtCC 29974, Staphylocmxm epidertnidis 
^aboratoty isolate), Staphylococcus haemolytictis ATCC 29970, Staphyloeoccm 
hormtm ATCC 27844, Stapkylococcui; interfmdim ATCC 29663, Staphylococcus 
5 lugdmemis (laboratory isolate), Staphyhcocois smiri 0afeptatory isolate), 
Staphylococcus women ATCt Stap^lococcus 3g/iosm ATCC 29971, 

Stemirdphommim fmtt&phiUa $sbots&(x^ isolate), Str^tocoeGi4s agutactim ATCC 
12386, Str^tococms boyis ATCC 9809s Streptococcus eqm ATCC 9528, 
Streptococcus equisimilis ATCC 35666, Streptococcus (ffoixp B) ATCC 12386, 

10 Streptococem (group F) ATCC 12392, Str^tococcus (gr'oup G) ATCC 12394, 
Streptococcus nmtans ATCC 35668, Streptococais pneumonim AICC 27336s 
Str^to&>ccmp^ogmes K£CCl9^lSf Streptococcus saliyarius ATCCr3419, Vihno 
ed^mlpiem ATCC17749, mbri^ parahmmohsMcm ATCCi7802, Imrowid 
Updlytica ATCC 9773 and Iminia enterocolUica KT(X^ 23715. Omomic DNA 

15 was ptirified firom croltares of these orgarsisans and tested m the l^Gpa|>tC assay 
usmg the condidoiis desscribqd above. 

REStlLlS 

A total of 282 clinical samples were tested by the NGpapLC assay and by a 
testing algorithm combiimig the Rociie Cobas Amplicor assay with the cppB-LC 

20 assay. A summaiy of these remits is provided in Table 2. 

Overall, 79 (28,0%) 4)©cimeais wem posiiiye aiid 120 (42*6%) specimens 
weieaegative for#. gonojT^oeae PNAby^i feree PCR ihefhods. Aipt additioaal 81 
(28.7^a) srpeciiaeas were |Sositi^e by the Cobas AffipUcor assay but aegaliye by both 
tite HGpapLC and cppB-LC assays. These were consideml to be faise-positive 

25 rssi^lts obtained by the Cobas AtBplicor. A fiir&er tvvo (0.7%) spechneas were 
positive by the Cobas Amplicor assay but gave discrepant results on the LightCycler 
assays; one specimen was positive by the cppB-LC assay -^^th a cycle threshold 
value (Ct value) of 47 but jEiegative by NQp^LC whereas the ramaimng specimen 
was pmitiye by HGpapLC oijiy,; pmyiding a Ct value of 41. These Gt values were tJie 

30 Mgh^ recorded Ct values for each test m& are pdieative of low K ^norrhome 
DHA conembraiicms in eaoh specter, Upmi repeat testmg, nei&er specimm was 
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eoasi^teatiy posi6ve. This suggests that &e conceatratioa of DNA m both ^KJciinMs 
was OB the threshold of smsiti^dtj' of the respective te^. 

By testiBg diMons of slK gotwrrhoene culture, miglng fmm 5 x lOE+4 to 5 
X 10E-2 cfu/Bjl, the limit of setisiiivity of tlie NGpapLC was determined to be 5 
6 efii/jiil: of N. gmmrhoeae in &e specimen, llie detection lirait of the cppB-LC was 
determiiied to bie 5 x lOE-1 cla/pii. liiis suggests &e cfS^i-B-LC has a I04bM better 
d€fexti<>n limit than l!ie NCSpapLG assay. 

To further deteraaine ttie: otfim HGpapLG ^^ayj genome DKA 

was piaified and tested &om cultures of abroad panel of organisms. These iiicMed 
1 0 Neisseria species as well iis otiier coininoa liimifm pathogeus mid normal flora. All of 
the Hon-goBococcal species were negative when tested by the NGpapLC assay. la 
contrast, toee N. menin^tidis imM^ tested positive by the cppB-LC assay, lliese 
Mm K mesj»g?ftWij isolates provided eyele tbreshoid (Q) valttes in the qipB-LG 
assa-y that were sagmficaiitiy gtmm than those provided by lie pc^ttive K 
1 § gomrrhoms isolates; the Gt -v^aiues of feei/; gonoffhome isolates -were consistently 
lower than 16 whejeas these tiit^ N, mmingMdis isolates provided Ct values of 33 
or greyer. This suggests fee qppB gene nsay present at lower copy number in 
these N. meningitidis isolates. 

Of tiie 84 gomrrJimae isolates tested, seven wei-e iiegaiive by the cppB- 
20 LC assay. Six of feese sevm. negative isolates wei-e the N. gonorrhoeae isolates 
ofetdnsd Iroin the Noith^ Teriitory md had; previously tested negative by the 

one additional cppB negative isolate was identified 
contrast, all 84 N, gomn-koeae isolates prodded 
positive res\ilts whsaa tested by the NGp^L€ assay. This shows ffiiat tfce HGpapLC 
25 oligoBueleotide targets were present in all isolates, fn addition, lluorescent melting 
curve analysis by the NGpapLC assay showed no variation between N. gonorrhoeae 
isolates or any of the positive clinical specimens; Ml NGpapLC positive reaciions 
provided melting temperatures of 65*0. 
N(^pL€ compared to kacfenol mitum 
30 A Gompaiison with bact^al aUtnre was peffoaned on the local Qaeensiand 

popnMcm and ccasprised of 557 sp^mnens teken fiom pati^ attending sexual 



CppB-LC assay. Tlierefof e only 
in the Queensland isblstes. In 
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lieaia QMnisg. TMs popujatioii was eonsidiK^ ide^ for testing fee jspeeifioity of the 
NGpapLC assay given the low incMeaee of gonorrhoeae iii tMs populatioR. 

Compared to bacteriai culture, the assay was 100% sensitive and 88.2% 
specific (Table 3), 

5 Howeyer, this ^ecMcit^ calculatioa js based on the assumption thai the two 

a&SMomi PC^ positi%'es are false-positive cpati:^, we liei|eye that tlsese 

addittonai posMvd resists are frae positive resalts. This is because Ifee resslte of &e 
N^^LC were si^pdited by a second FOR. tai^eting a Si^ai^fe H 

gomrfhpeae goie* In adcBtioaji |>revioiis st?jdies Mye shdw^ fh^ PGR Ms fcetter 
10 clinical sensitivity than bacteiiai culture. Therefore, additional PGR positives wouid 
not be unexpected. Overall, the above results suggest liie Bew NGpapLC assay is 
Mj^y suitable tbr routine detection of iVl gonorrhoeae ia clinical samples. 

Titles 4-7 provide a bj-eakdowft of fee T^le 3 data into specimm tjipas. 
For boffa fee urethral and cervical sjjeoimeiis fee HC3|sapLG assay was 100% 

The jf^lts of the teat i swabs suggest fee Hij^apLC Is also smtabk for i^ 
on feese ^Jeeimec typeSi as does fee mcire litiajtod da.ta on anal swabs. 

DISCUSSION 

The problems associated with the specilicit)' of tlie Cobas Ampiicor K 
20 gonorrhmae assay and the requirements for a confirmatory assay are well 
dociimented* Usfortimatelyj feecoiiventiot^^ gme targets usedibrconfematory teste 
have also proved to have hrrdtaiioiis* The reswits of this study suggest fee H%apLC 
assay % a suitable altmiative to fee cppB-I>C for eoafirmatioti of Cobas i^plicor JV. 
gomrrhome positiye results, By targeting fee iV. gormrrhome porA pseadogene, fee 
25 NGpapLC overcoiiies fee liimtations ^^ociated wife the cppB gene and provides fee 
potential for improved clinical sensitivity and specitieit>% 

By testing dilutions of aa ATGG sfeain otN, gonorrhoeae, fee cppB-I,C assay 
had a 10~fold betteff detection iirait compared to our new NOpapLC assay. This 
presumably is because fee critic plasmid is at a higher eopy aumber feaa fee 
30 gmmrhame porA psetidogeiie« Neverfeeless, fee diyBr<2rgD.ce iti detesctioh Irmits did 
hot affect the clinical sensitivities of fee assays^ For fee cltmcal speeiiHesjs, fee 
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NGp^>LC and cpjiB-LC assays gave good agreenieiit for fee dsteciioR of iV; 
gomrrkoeae. Only two of the 282 specimens provided diserepant Rsults, with -each 
LigMCj'cIer assay detecting m additioual positive oyer I3ie otlier. Originally, it was 
considered that the additional cppB-LC positive result may have stemoied from the 
5 iV. gmorrhoeae DNA load b^g below tlte detection iiimt of the NOp^LC assay. 
However, by using a mom secsiive aei^iKi PGR assay we wei^ still onafeie to detect 
fee preseace of the iVl gomtfhoeae |!^rA psetidogeaie ift M% speeiiiiea (data sot 
shown). iMs suggest that this sj^eciiBoa was eiftuer a fals!B>-positiye wing our Roche 
Aa^licor m& cppB-lXJ testiBg algorithm or i^ptBsente a N. gonmrhoem strain 

10 lacking tiie porA pseudogeiie. Although, to date there have been no reports of AC 
gonorrhoeae strains lackiiig the porA pseudogerie. It is &ither iiiteresting to note 
that hy ysing nested ampHScatipn wa were able to #teest the preseape of the cppB 
gene in the speeimea th^ was aegative by ire cppB-LC assay bat positive by the 
"NOp^LC lliis demonstrates Ifeat iiiis cppB-LG negative iiesnlt did not occnr 

1 5 beeaaise of the absence of tiie cppB gene in this ptessimptiye Ni g&mrrhoea.^ strain 
(data not shown), 

Overdl, the results for the clinicaj specimens suggest the NGpapIX;! and 
cppB-LC assays have similar climcal sensitivities and specificities and that tiie cppB- 
LC assay may in fact be suitable for use on. mine aad genital swab specimens in our 

20 populationv Howeysr, these fssiilts are in contrast mth those of the bacti^iai panel, 
which hi^igfcited the limitistiqns of the cppB~LC assay. Most ndtabjiy the cj^B-LC 
assay Me^ to detect seven M goncrrhoem isolates. This shows that in onr 
poptilatjon there are K gamrrhome sta^his lacking fiie cppB gene. More 
iiaportanflyj onr testing algorithm is lifceiy to produce Mse-negative results; 

25 spscimem testing positive by the Cobas Amplicor could incorrectly be identified as 
falae-positives by the cppB~.l.C assay. In &is study, N. gomn-home isolates were not 
randomly selected tlierefore more testmg is required to detennine the overall cppB- 
LC faise-negative rate, O^her .studies have suggested that the incidence of such 
Isolates lacking the cppB gene is id# in AustraEa (LesHe ef a/., 2003, Cotsamun Dis 

30 Meli, 27 373-9). 
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Neverfeeiass, whm using liie cppB-LC assay the potentiai for faise-iiegatke 
results exists. In contrast, the NCpapLC method coirectiy identified aO A^. 
gonorrhoeae isolates tested m this study. This suggests the NGpa|3LC assay may not 
be susosptibk to false-negative results arising from the abseace of &e porA 
5 ^seudogme in otir local N. gomrrhome strains, Hesice, it shooid prsvide improwd 
ciiiucai sensiti>ity coa^ared to thecf^B-LC as^^ 

Ilie H<%apLC assay also fffcfved to be Mghiy specific fat K gomrrhoeae 
0MA; ail BOn-^goaot^ccal s|«s;ie$ provided jsiegative jnesults when tested by &e 
KGp^LG iaefhod. it should be noted fliat we experleaced diMcuity obtaining 

10 Neisseria species and so our bacterial panel did not inckde ail koown Neisseria 
Species aad only contained a liniited number of isolates for most species. Therefore, 
CKJSS-reactions ^iitb otber Neisseria spedes cannot be i-uled out on the basis of these 
results alone. However, %s Msiisseria porA gme is only i^eported to exist in N. 
gomrrhome md N. menm^tidiis (FeavOTs & Mmdm 199Bi siq3ra% and Ifamsfore 

is cross'^reactions with iV; menin0iides were co»sid<sred to be more relevant In this 
study, we tested 38 M tmhingiHdis isolates and Ssund no cross-reaotions. As a result, 
we are confident of &e specrfieity of this test whm used on our ioeal saiBpie 
population. 

The cppB-LC results ibr the bactesrial pand provided a good example of flie 
20 specificity probtems associated wi& using the cppB teget as jK)siliye results were 
obtai|i©3 fois three mm^ngitMs eultares. Kevertheless, ther presence of l^e cppB 
gme in local meningitMis isolates may not pose a major specificity pfobiem if 
testing is xesttictsd to urine and genital swab specimeaJs^ To date ifeere have been no 
f^orte of memngitidb producing faise-positive residls in the Gobas AmpHcor 
25 assay, and soch isolates would be negative when initially screened by the Cobas 
Ampiicor, On the other hand, the cppB gene has been fo«nd iii isolates of oflier 
Neisseria species, xnchiding /¥, cmerea, which also cross~i"eact8 mth tlie Cobas 
Amphcor assay (Pahner et al.t 2003, stpm', Farrell, 199% si^m), Fariher, our study 
only sssimned a limited ninnbef of Neisseria species mid sh^dnSf therefore, the 
30 possibiHty of cro^-reaetions with olher Hei^eria sped^ m our popuiation cannot be 
excluded. 
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The importance suttrotrnding the speoMcity of a coiiferaatory assay for JV. 
gonorrhoeae is also dependent on specimen site. One of tb.e key limitations of the 
Cobas Arnplicor is that its specificity significaatly declines wJien. used on extra- 
genital sites. In parlicular, throat swabs are a. m&jot probleBi as they cm possess 
5 various Neisseria species md so ofifer ^ater poteaatial for faise-positive cixtss- 
reactions. A recmt study (t^Iie igf 2003, sipra) fotmd that confimiatioa rates of " 
Opb^ Aorplleor K gomnthmae positive results drc^ped fiom §62% ibr p^ile aiid 
isietfarai swabs to 5.6% for orppharyiigeal swabs. It should be noted tipt evea when^ 
using tlie cppB~DC eonfiiinatoiy assay, the numbcsr of true |K>sx%es obtalaed froni 

1 0 throat swabs are likely to be imich lower thaji those obtained from gemtal specimeas. 
This is because the presence of mnitipie Neisseria species i« throat swabs increases 
the ohance of both assays pit>v|diBg false-positive results; me species could cross- 
react wiiii. the screening ^ay wMie auother species may cross-react ^& die 
otajfirmatory assay, tos prodaoing a false-positive result from tihe algorithm. We 

i 5 believe that the specifieily prb'v^dai. by our new NGpapLG confirmatory assay may 
provide improved d^tciction of ^< gonotrhome m esxtfa-gi^taE! sites. 00 aim is to 
extei)siveiy e\'aluate the use of the KOps^LC assay on multiple ^cimm tjpes, 
iiiciiidhig throat swabs. 

The results of tMs study show Ihte porA pseudogeae is a suitable target ibr 

20 PGE, detiKJtion of K gmorrhome. It m wor& M|hligh&ig t^t the porA gcae was 
previously a pojmlar target for the detection Of iV, nimingfi4is by FGR. Howsverj it 
hi^ smce lost fayow since it wa& discovered feat imertiGa sequences may be 
incoiporated into the porA g^ne of some M mmin$iiidm isolates giving fesle-^ 
negativeresults (van der indeed 1999, fefeet jteimun. fi7 292S-34; Kewcoaibe m 

26 at, imn, Mol Mcrobiol. 30 453-4; Jelfs et aL 2000, Clijti Diagu Lab, Imaimiol 7 
390-5), 

Such mutations can potentially block PGR amplification or probe 
hybridimtioa ^d feeace piBvmt deteedonof some AC mmtingiiiciis isolates. The fact 
that all gomrrhmm isolates were detected in this studj^ suggests that insertidn 
30 sequences may not be found la iJie M, gmorrhQ&m potA psmda^m^, Howevest, 
given fltat fee sslectim of our M gmmrrhoem isolate was not random, it is possible 
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&at gonorrhome isolates cQatamMg iasertiGn sequences were simply Biissed by 
ifee sfeuiy, AltemattYfely, MsratitjK sequeajces may have been present but did sot aSbct 
the l^GpapLC assay because of its small PGR product ske {I3:2bp)- such a small 
PGR product size may reduce the probability of sequences iasei€ag between the 
5 PGK. primer targets. We aim to lurtha- evaluate Uie KCJpapLC assay agakst m 
extesded panel om gonofrhoemisahm. 

Hiraujpiout the specification Ihe aim has hem to ds^ribe the jjiisfemsd 
embodimehts of the .mv«iitio» vid&out jimitiug t^^^ om embodhaeut 

or specific colleeiiofi of featuim. It will &erefore be appreciated by those of skill, itj 
10 the ait that, in light of the jBstaut disclosyre, various modiiicatioiis and chatige« can 
be msde in the particular erabodimoats exeiuphfied without departing Jirom tie scope 
of the preseat usyeatioB, 

Ml pateat and scieatilic Hteratais, algorithms asid computer pmgrams 
referred to in this specification ai« incorporated ha:ej» be reference m fhdr entirety. 
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Table 1 : HGpagjLC primm midpreAjes targeting the N. gonorrhoeae porA 



Designation Sequence {S' to 3') 



Position 



papF: CGGTTTCCGTGCvQrrACGA 
papR; CTGGTTTCATGTGATTACTTTCCA 



681 - 699" 
ai2 - 789^ 



papPI: CAWCAATTTGTTCGGAGI^CAAAACAGC -fluorescein 
730 - 757* 

papP2: LCred840 ~ AGTeQeceTATACeCCTGeTAGTTrCAC - Phosphate 



' 6«snb^tik accession mimbei: A 



Table 2; An improved conlkmatory Nemeria g»ffprr^oe«e J^al^snp PGR^a^ 
tal'getmg the porA pseudqgene. 







Cobas Afnf^lcor & 
cpp8-LC testing 
algonfe^ positive 


CGb^sAitTplJcor<& 
cppB^LC testing 
alQOfttm negative 


NGpapLC positive 


79 




i 


; NGpapLC negative 


1 




201* 



*81 of these specimens were positive by the CoJsas Ampiicor assay but nsga^ve by liie 
cpp8-tC assay. 
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Table 3i All specimentj^pes: FCR v Cultufe 



IN = 557 


Gu 


Iture fX)sitive 


CuStum negative 


1 NGpapLC poste 


15 






NGpapLC negative 
1 „ 


0 




540 



* Currently, there Is no assay avaiiabls that could reliably be used for discrepant anafysis on 
these specimens. However, tliese specimens were also positive by the cppS~LG {which can 
also cross-react with otfter Neisseria species). Further, these specimeas provided 
comparabfe Ct values ih botii the N<3papt.C and cppBHUG assays. This suggests that th^ 
bacter^i DNA detected b)f these ai^says were at appro>:imat^y t^e samp cpncentrai^on. 
Ov^faii, &?es& results suggest that these are true N. gorto/r/ioeae positive spectm^^^s. 



Tabled: Omicd swabs: fCR v Coltait^ 



N = 216 


Culture positive 


Culture negative | 




1 




0 1 


NQpapLC negative 


0 




215 



Table 5: Uretferal sw^s: FCR v CMture 



N « 184 


culture posiiSve 


Cuitiire negative 


1 NOpapLC positive 


9 


0 


NGpapLC negative 


0 


176 
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Table 6; Throat swabs: PGR v Culture 



N = 133 


Guiture positive 


CuKure nsgative 


NGpapLC positive 


1 




NGpapLC negative 


0 


131 



Tail::^^ 7: Anal swabs: PGR v Culture 





Cuiture positive 


Cuiture negative 


NGpapLC positive 


4 




NQpapLO negative 


Q . 


19 



